Information searching and retrieving are two important aspects that most of the Internet users do when they are using the Internet. Unfortunately, many available tools that are being used to search a particular information from the Internet such as a search engine could not give the satisfying results. This is due to the problem such as broken and duplicated links. Also the ranking algorithms that are applied by the search engines are different from one to another. This paper discusses the limitations of current software tools to search in the Internet and proposes a new approach by employing a mobile agent to retrieve the query results in the local search servers. The Mobile Agent Search System (MaSS) has been developed to reduce the time for searching and retrieving information from the Internet. Furthermore, the ranking of query results are evaluated using the Number of Relevant Ordering Score (NROS) method. The main advantage of the MaSS is to reduce the time for searching and retrieving information as it is done in the off-line case compared to the on-line case.
Introduction
• Each of the search engines has a different rank ing algorithm. Therefore, important results that the user needs could be ranked differently by each search engine. • The duplicated links that exist in the search engine results made a user uncomfortable to browse the same page for many times. A user still has not been satisfied with the search results that have been given by a search engine due to the above reasons (4) . To retrieve the query results and preprocess them locally, it will take some time before a user can actually receive the query results. Also there is a need to prefetch the query results and filter them locally before they are presented to a user. Therefore, this paper solves the above problems using a mobile agent technology for query document retrievals from the Internet. Furthermore, we have developed the MaSS to support the query retrieval process. The ranking of query results is evaluated using the NROS method.
In Chapter 2 the description of mobile agent and query retrieval are explained. In Chapter 3 the architecture and evaluation of the MaSS are described. In Chapter 4 the ranking of query results and the evalua tion using the NROS method are discussed. In Chapter 5 the discussion and the conclusion are stated.
Mobile Agent and Query Retrieval
A mobile agent (5) (6) is an autonomous program that can move from one machine to another in a heterogeneous network under its own control. It can suspend its execution at any point, transport itself to a new machine from the point that its left out. On each machine, it interacts with the service agents and other resources to accomplish its task. Then it returns to its home site with final results when the task has finished. A few advantages highlighted using mobile agents are to reduce network loads, overcome network latency, encapsulate protocols, and to execute a program asynchronously and autonomously. Further discussion on the advantages of mobile agents are described by Lange et al. (7) 2.1 Query retrieval using mobile agent We have applied the mobile agent technology for prefetching the results from the search engines. The term prefetch ing means that we have used our mobile agents to re trieve the URL datasets that exist in the search engines databases and store them in the local database servers. The process has been done during night-time by em ploying the activation and deactivation functions that exist in our mobile agent system. Activation is a pro cess of activating the mobile agent to start retrieving the search engine databases based on specific queries. In our experiment we have set the number of queries to 30 as in Table 1 . Also we have set the activation time to 1-hour where in each hour, the mobile agent will retrieve the query results from the designated search engines. If the search query result is new, then it will be added to the local database, otherwise, it will be discarded. A deactivation is a process to stop the mobile agent from collecting the new search results, which will be determined by the user. Further description on mobile agent approach to the system will be described in the next chapter.
The Architecture and Evaluation of the Mobile Agent Search System (MaSS)
We have developed the Mobile Agent Search System (MaSS) to support retrieval query results. The general architecture of the MaSS is shown in Fig. 1 . The MaSS architecture consists of a MaSS client, a MaSS server, and a collection of the local prefetch servers. Figure 2 represents the detail architecture of off-line retrieval us ing the MaSS. The on-line retrieval using the MaSS is shown in Fig. 3 . Further description on each component of the MaSS is described as follows:
3.1 The MaSS client The MaSS client com prises of the MaSS client agent and a simple user in terface. A user interface is used as a medium for a user to interact with the MaSS.
3.1.1 The MaSS client agent A user will en ter a search keyword on the query form in the HTML browser. The MaSS client agent will send a request to the MaSS server agent in order to get the query search results. The MaSS client agent is represented as W in Fig. 2 query results and store them in its local database. Then the search results will be sent to the MaSS client agent to be presented to the user.
The on-line retrieval process
The on-line retrieval process is presented in Fig. 3 . When accepting a request from the MaSS client agent (W), the MaSS server agent (X) will pass the query item to the MaSS search agent (Y). Instead of looking for the prefetch servers, the MaSS search agent will search in the WWW and retrieve the search results from the search engines. The search results will be stored into the MaSS server database. Here, the process of removing duplicated and broken links, stemming, stopping, and ranking the search results will take place.
The MaSS evaluation
We will evaluate the query retrieval results using the NROS method that will be described in the following Chapter 4. The MaSS is evaluated using the on-line and off-line retrieval strategies that are described as below.
Web fetching
We have used a WebL script programming language from Compaq(8) to develop a web-fetching program. The script program will download the HTML files from the WWW. The results will be sent to the user using an Aglet mobile agent.
The on-line retrieval evaluation
As the evaluation of the off-line retrieval technique, the MaSS process of duplicated or broken links and ranking the query results are done at the MaSS server. The CPU processing time is the time taken by the CPU to process the query results . The processes involved in the on-line retrieval of web pages have been described in Section 
The Ranking and Evaluation of Query Results Using the NROS Method
The ranker module calculates the Inverse Document Frequency (IDF)(9) and similarity indices for the entire set of URLs candidate and sorts them in order. But this is the basic calculation for measuring the query search results, where the broken and duplicated links parame ters are not considered. The IDF measures the goodness of each term frequencies, therefore, acts as a document discriminator. In other words, the measure highlights the document in which the terms occur. The IDF is given by the following equation given by Salton (10) .
where ni is the total number of occurrences of term i in the collection and Max ni is the maximum frequency of any term in the collection.
Term frequencies within doc uments are obtained by the IDF measure. The similar ity measure (10), which is a form of document frequency weight, is used to rank the documents in the MaSS. The similarity measure is given by where TFij is the term frequency of word i in document Docj where i=1,..., N and j=1,..., n. The lengthy is the total number of unique terms in Docj af ter the stopping and stemming processes. The Q in eq. (2) is the total number of queries. Once the similarity scores for each document have been obtained, the list is sorted in descending order. The scores will be included in the calculation of the ranking method as described in Section 4.1. We illustrate the example of lengthy as in Table 2 . The lengthy is given by
The NROS method
This section has de scribed the NROS method that has been applied to the MaSS query ranker. We have included the broken and duplicated links parameters in this method. Table  3 shows the query results on 'computer engineering', before we apply our NROS method. n is the total num ber of Dock that has been retrieved by the MaSS search agent. The Similarityj is calculated based on eq. (2). We have used a value of 1 if the link is duplicated and 0 otherwise. Also a value of 1 has been used if the link is broken and 0 otherwise. The Erroneous links are given by where Erroneous represents the number of URLs that have broken and duplicated links. D represents the total number of duplicated documents that exist in the results set, and R is the total of similarity score. Error represents the total number of broken links that exist in the results set. The value of 1/100 has been used to normalize the value of Erroneous. Referring to Table  3 , the value of n=16, R=13.58509, Error=2, and D=7. The value of Errorneous is 0.00662.
Then we have defined the Relevant Ordering Score (ROS), as the order of documents with respect to the total number of query retrieval results and the Erroneous. ROS is given by As for an example, the value of ROS in Table 3 is 0.84244. For a set of query results as in Table 3 , the ROS is a constant value used for the NROS. The NROS is calculated based on the value of ROS and the similarity measures as in eq. (2). It is a value used for ranking the query results after the process of identifying the broken and duplicated links. If an error due to broken links or duplicated links occurs on the query results, the penalty of ROS is given to the Dock. The NROS is given by where NROSj is the value of NROS for query retrieval results of Docj. The Similarityj is referring to the sim ilarity value of Docj as in eq. (2). The ROS is given from eq. (5). If there is no duplicated or broken links that exist in the results set, the NROSj value will be the same as Similarityj.
We have applied the NROS method to the query results that have been retrieved. The higher score of the NROS indicates that the doc ument is more relevant to the users request. The final results that consist of the ranking value of each link are presented to the user as in Table 4 . where A is the number of relevant record retrieved, B is the number of relevant record not retrieved, and C is the number of irrelevant record retrieved. In our experiments we have found that the average of PRECISION is 82% and the average of RECALL is 66% (see Table  5 ). A high PRECISION indicates that from all of the documents returned by our query, a large propor tion of the documents is relevant to the search. A high RECALL indicates that from all of the documents in the archive that are relevant to the query , a large num ber of these documents are returned. As for the mobile agent, it provides significant time saving using an off-line retrieval process for sending re sults from the MaSS server to the MaSS client com pared with the on-line retrieval process. The detail of query types is included in Table 1 . For example, if a user makes a query on 'computer engineering' , using the on-line retrieval process , the total time taken for a user to wait until the results are received is 229 ,287ms. C omparatively, by using the off-line retrieval process, the time that the user has to wait until the query re sults are received is 1 ,984ms. Also for the query title ' Visiting Australia and Japan', the time taken using the MaSS in the off-line retrieval process is 581ms . In com parison, the time taken using the on-line retrieval pro cess is 678,242ms. Further examples of the time taken by user to be on-line and off-line with different queries are shown in Table 1 .
Conclusions
The MaSS has been designed to reduce the information overload problem as well as the Internet Connection Time . A collection of local prefetch servers enables us to store and preprocess lo cally the query results before presenting them to the user. The effectiveness of the MaSS is evaluated using he off-line and on-line retrieval strategies.
We have ound that the time spend for the off-line retrieval is ess compared with the on-line retrieval. The effective ness of the NROS method is evaluated using standard nformation retrieval measures that are RECALL and PRECISION.
The duplicated and broken links re moval, and ranking the query results processes have increased the PRECISION and RECALL measures of t he search results. 
